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ABSTRACT • The aim of the study was to determine the properties of pulp and paper produced from wheat 
stubble (Triticum aestivum L.), using soda-oxygen-sodium borohydride (NaBH4) cooking method. Whole wheat 
straw (Triticum aestivum L.) was also used for comparison with stubbles. The morphological and chemical proper-
ties of the raw materials were investigated. The results showed that stubble had high holocellulose, cellulose, and 
alpha-cellulose contents and low lignin content. Fiber length, fi ber width, lumen diameter, and cell wall thickness 
were measured in order to determine suitability of the fi bers for pulp and paper production. The values were used 
to calculate fi ber parameters. The effects of these parameters on paper strength were also discussed. The effect 
of NaBH4 on the yield and chemical, physical, and optical properties of pulp and paper were investigated. The 
addition of NaBH4 increased pulp yield by 4.1 %, and improved the physical and optical properties of the pulp. 
The physical and optical properties of the stubble pulp were better than those of whole wheat straw pulp. It was 
concluded that these characteristics demonstrate the suitability of wheat stubbles for pulp and paper production.
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SAŽETAK • Cilj istraživanja bio je odrediti svojstva celuloze i papira proizvedenih od strnjike pšenice (Triti-
cum aestivum L.) metodom kuhanja s dodatkom soda-kisik-natrijborohidrida (NaBH4). Radi usporedbe, određena 
su i svojstva celuloze i papira izrađenih od slame pšenice (Triticum aestivum L.). Određena su i analizirana 
morfološka i kemijska svojstva istraživanih sirovina. Rezultati istraživanja pokazali su da strnjika pšenice ima vi-
sok sadržaj holoceluloze, celuloze i α-celuloze te nizak sadržaj lignina. Radi utvrđivanja prikladnosti vlakanaca za 
proizvodnju celuloze i papira, izmjereni su duljina vlakanaca, širina vlakanaca, promjer pora i debljina stanične 
stijenke. Dobivene su vrijednosti iskorištene za izračun parametara vlakanaca. Također je analiziran utjecaj tih 
parametara na čvrstoću papira. Istražen je utjecaj NaBH4 na prinos celuloze te na kemijska, fi zikalna i optička 
svojstva celuloze i papira. Dodatak NaBH4 povećao je prinos celuloze za 4,1 % i poboljšao fi zikalna i optička svo-
jstva celuloze. Fizikalna i optička svojstva celuloze izrađene od strnjike pšenice bila su bolja od svojstava celuloze 
proizvedene od pšenične slame. Zaključeno je da svojstva celuloze proizvedene od strnjike pšenice potvrđuju po-
godnost te sirovine za proizvodnju celuloze i papira.
Ključne riječi: strnjika, pšenična slama, soda-kisik, celuloza, papir, natrijev borohidrid
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1  INTRODUCTION
1.  UVOD
Shortage of raw materials for pulp and paper pro-
duction has led paper-makers to fi nd new raw material 
resources. Several studies have been carried out in or-
der to discover these resources. Annual plants and agri-
cultural wastes are supplement to wood-based raw ma-
terials for pulp and paper production. Lignocellulosic 
annual plants have been used in pulp and paper produc-
tion as early as the 19th century. Due to greater pulp and 
paper production, the need for annual plants showed a 
rapid increase especially after the Second World War 
and many small and large-scale mills were established 
for the pulp and paper production from annual plants 
(Eroglu, 1983; Tutus, 2000; Akgul,2007). 
Agricultural residuals have an important place in 
terms of potential production within the world and are 
one of the most important raw materials that could be 
utilized in the pulp and paper industry (Cheng, 1993). 
Also, agricultural waste or pruning support more or-
ganisms than living plants (Paul and Clark, 1989). 
These organisms infect the future cereals. For this rea-
son, stubble should be converted to more benefi cial 
products. Gencer (2015) reported that paper of stand-
ard quality could be made from kiwi pruning. 
In general, pulping of non-woods is easier com-
pared to wood. Non-woods have low lignin content and, 
therefore, require fewer chemicals during cooking, where 
the raw material is chemically treated under high temper-
ature and pressure to separate lignin from the fi bers. Al-
though kraft or sulfate is the preferred pulping procedure 
for wood, non-woods are generally cooked by soda and 
sulfi te as well as sulfate processes (Chandra, 1998).
Stubble is defi ned as short stalks, which are left 
standing in fi elds after wheat or other cereal crops have 
been harvested. Stubble remaining in the soil after har-
vest of grain is a source of organic substances. Unfor-
tunately, it is usually burned after harvest in Turkey 
(Sahinbas, 2015).
Burning stubble:
-  destroys organic substances,
- makes land sensitive to water and wind erosion,
-  creates smoke that causes air pollution but also traffi c 
accidents,
- causes land to be infertile.
The fi re decreases the clay ratio of the soil and 
reduces the capacity of water absorption and ratio of 
plant nutrients (Kara and Bolat, 2009). 
Stubble can be an important raw material for pulp 
and paper production. Stubble height for the cereal 
straws is about 18-20 cm. The harvest index of wheat 
straw is about 1/ 2.66 (seed/straw). This index is re-
duced to 1/1.81 (seed/straw) with collecting and trans-
portation losses. This ratio can change depending on 
stubble height and transportation conditions (Tutus et 
al., 2009). According to this rate, in 2014, world and 
Turkey stubble amounts were 605.3 and 16.2 million 
tonnes, respectively (Faostat, 2015). Due to the ligno-
cellulosic fi ber structure, wheat straws are used in pa-
per and board, composite materials, and animal feed-
ing industries (Aksoy et al., 2014).
Turkey, as one of the major cereal producers in 
the world, has the potential to produce a signifi cant 
amount of wheat straw. In this study, the chemical, 
physical and optical properties of stubble treated with 
soda-oxygen-NaBH4 were studied.
2  MATERIAL AND METHODS
2.  MATERIJAL I METODE
2.1 Materials
2.1. Materijali
This study was performed at the Kahramanmaras 
Sutcu Imam University Faculty of Forestry, Pulp and 
Paper Production Laboratory. The raw materials used 
in this study were harvested from Kahramanmaras-
Turkey at the end of the growing season.
2.2  Chemical analysis and fi ber properties
2.2.  Kemijska analiza i svojstva vlakanaca
The raw materials were analyzed for α-cellulose, 
lignin, ash and water contents, and NaOH (1 %) solu-
bilities using TAPPI Standard Tests Methods (1992). 
Extractives were measured using the ASTM standard 
procedures (2013). The holocellulose and cellulose 
contents were determined according to Wise’s (1962) 
chlorite and Kurschner-Hoffer (1993) nitric acid meth-
od, respectively. Fiber length and width, lumen diam-
eter, and cell wall thickness of the raw material were 
measured with a microscope. To measure the fi ber 
morphologic properties of the specimens (0.5 mm 
thick and 2 cm long in parallel to fi ber), the chloride 
method was applied. In this method, specimens were 
immersed into chloride solution until they were de-
fi bered and measurements were done with an Olympus 
BX51 microscope.
2.3  Pulping procedure
2.3.  Priprema celuloze
Air dried samples were cut into pieces about 6 
cm long. 12 cooking experiments were performed on 
stubbles, using soda-oxygen-NaBH4 processes to de-
termine the optimum pulping conditions (Table 1). The 
optimum conditions were also performed on whole 
wheat straw for comparison.
Cooking experiments were conducted in an elec-
trically-heated rotary digester of 15 L capacity, and 25 
kg·cm-2 maximum pressure. All pulps were washed and 
screened on a 0.15 mm slotted screen. The screened 
pulp yields and screen rejects are also presented.
Viscosity measurement of pulp plays an impor-
tant role in identifying the characteristics of the pulp 
such as polymerization degree or cellulose chain length 
(Yasar et al., 2016), while the kappa number is an indi-
cation of the residual lignin content or bleachability of 
pulp. Viscosity and kappa number of the pulp were 
measured according to TAPPI T 230 om-08 and TAPPI 
T 236 om-13, respectively. The screened pulp was 
beaten in the hollander beater to 50±3 oSR (Schopper 
Riegler) freeness level according to Tappi T 200 sp-96 
and ten handsheets per tested sequence with grammag-
es of 70 g·m-2 were prepared using a Rapid-Kothen 
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sheet former according to ISO 5269/2. Breaking length 
(TAPPI T 494 om-01), burst index (TAPPI T 403 om-
2), tear index (TAPPI T 414 om-12) brightness (ISO 
2469) and opacity (TAPPI T 425 om-96) of handsheets 
were also investigated.
2.4  Statistical analysis
2.4.  Statistička analiza
The SPSS 15.0 statistical package was used. Data 
of chemical, physical and optical properties of the pulp 
were analyzed using a computerized statistical pro-
gram to determine variance, and by carrying out the 
Duncan test at a P ≤ 0.05 confi dence level.
3  RESULTS AND DISCUSSION
3.  REZULTATI I RASPRAVA
3.1  Chemical composition and fi ber properties
3.1.  Kemijski sastav i svojstva vlakanaca
The chemical composition of the stubble and 
whole wheat straw used in this study are given in Table 
2 with those of some wood species and annual plants. 
The holocellulose content of stubble was approximately 
equal to that of hardwood and higher than that of soft-
wood. This is because both stubbles and hardwoods 
have a higher hemicellulose content and lower lignin 
content when compared to softwood. The high NaOH (1 
%) solubility is due to the presence of low molecular 
weight carbohydrates and other alkali-soluble matters 
(Tutus and Eroglu, 2003). Also, NaOH solubility indi-
cates the extent of fi ber degradation during the pulping 
process (Zawawi et al., 2014). Cold water solubility pro-
vides a measure of tannins, sugars, gums, and coloring 
matter. Hot water solubility also removes starches 
(ASTM, 2013). Because of high silica content, the ash 
content of the straws was found to be higher than that of 
other species (Table 2). The holocellulose content of the 
stubble was higher than that of the whole wheat straw 
and approximately equal to that of hardwoods.
When compared to previous studies, the results 
of the chemical analysis show that the stubble was con-
sistent with the literature (Table 2). Only the ash con-
Table 1 Pulping conditions of stubbles
Tablica 1. Uvjeti pripreme celuloze od strnjike pšenice
Pulping conditions/ Uvjeti pripreme celuloze Unit / Jedinica Value / Vrijednost
NaOH charge / udjel NaOH % 16
NaBH4 charge / udjel NaBH4 % 0, 0.1, 0.3, 0.5
Oxygen pressure / tlak kisika Bar 7
Cooking temperature / temperatura kuhanja oC 140
Time to maximum temperature / vrijeme do postizanja maksimalne temperature min 40
Time at maximum temperature / vrijeme pri maksimalnoj temperaturi min 50
Liquor to raw material ratio / omjer otapala i sirovine L/kg 5/1
Table 2 Chemical composition and solubility of some annual plants and wood species
Tablica 2. Kemijski sastav i topljivost nekih jednogodišnjih biljaka i vrsta drva
Annual plants and 
wood species
Jednogodišnje biljke 
i vrste drva
Chemical composition Solubility
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Stubbles / strnjika 78* 53* 40 ns 17* 7.1* 5.5* 42.1* 12.9* 8.97* Current Study
Whole wheat straws
slama pšenice
73* 51* 39 ns 18* 7.8* 5.1* 43.7* 14.6* 11.5* Current Study
A.  membranaceus 77 37 50 24 5.5 5.6 29.4 8.4 7.20 Tutus et al., 2014
Papaver somniferum 80 41 52 19 4.7 - 30.3 10.4 5.10 Tutus et al.,2011
Cotton straw / slama pamuka 76 46 40 18 2.5 6.1 30.9 14.2 11.7 Tutus et al,. 2010
Cotton straw / slama pamuka 72 - 42 19 2.4 6.1 42.9 17.8 16.7 Akgul, 2007
Cotton carpel / pamuk 72 43 31 21 5.5 6.6 48.9 12.2 8.39 Alma et al., 2005
Wheat straw / slama pšenice 77 52 40 18 7.1 5.5 40.9 12.2 7.65 Tutus 2000
Semen secalis 74 52 44 15 3.2 9.2 39.2 13.0 10.2 Usta and Eroglu, 1987
Corn straw / stabljike kukuruza 65 46 36 17 7.5 9.5 47.1 14.8 - Eroglu  et al., 1992
Nicotiana tabacum 68 - 38 20 7.3 6.5 42.9 19.1 15.8 Tank  et al., 1985
Lake cane / jezerska trska 78 50 48 19 3.0 4.0 28.3 3.8 3.30 Kirci, 1996
Hibiscus Cannabinus 81 54 37 15 4.1 5.0 34.9 12.8 11.7 Dogan, 1994
Softwoods / meko drvo 63-74 55-61 - 25-32 0.2-0.5 1-6 8-10 1-5 0.5-4 Kirci, 2006
Hardwoods / tvrdo drvo 72-82 38-55 - 18-26 0.2-0.7 1-6 12-25 1-8 0.2-4 Kirci 2006
*Signifi cant at 0.05 level and ns Non-signifi cant level in Independent Samples T-Test. / *Signifi kantno pri razini 0,05 i ns nesignifi kantno pri 
testiranju T-testom.
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tent of the stubble was higher than that of softwoods 
and hardwoods. The oxide-added SOAQ pulping pro-
cess of wheat straw offers a practical solution to the 
silica problem that has inhibited the widespread use of 
cereal straw as a papermaking fi ber (Tutus and Eroglu, 
2003). This is explained by phytoliths (microfossils of 
opal silica) formation (Ball et al., 1999; Halvarsson et 
al., 2010).
The stubble fi ber length, fi ber width, lumen di-
ameter, and cell wall thickness were found to be 0.894 
mm, 14.86 μm, 3.94 μm, and 5.46 μm, respectively. 
The respective values for whole wheat straw were 
0.876 mm, 14.11 μm, 3.79 μm, and 5.15 μm. Accord-
ing to that, the fi ber dimensions of stubble were similar 
to those of whole wheat straw. The fi ber parameters 
were also calculated according to the Equations:
Felting power = Fiber length / fi ber width (1)
Elasticity coeffi cient = Lumen diameter 
· 100 / fi ber width  (2)
Rigidity coeffi cient = Cell wall thickness / fi ber 
diameter ·100  (3)
Runkel’s classifi cation = Cell wall thickness 
· 2 / lumen diameter  (4)
F Factor = Fiber length/cell wall thickness · 100  (5)
The calculated fi ber parameters are given in Ta-
ble 3 along with the parameters of  some other species. 
Today, as fi ber and short fi ber pulp concepts are widely 
used in paper industry, the measurement of fi bers con-
stituting pulp and accordingly the relations between 
pulp properties also become important. For example, 
increases in fi ber length affect strength properties but 
cause poor paper formation (Kirci, 2006; Akgul and 
Tozluoglu, 2009). 
Felting power is one of the criteria for the suit-
ability of raw material for paper production. This pow-
er is important for physical properties of the paper such 
as breaking length, burst and tear index. It is wanted to 
be between 70-90 for softwood and 40-60 for hard-
wood. The felting power of stubble and whole wheat 
straw was found to be 60.16 and 62.08, respectively, 
and to be similar to that of hardwood. The Runkel val-
ue is the ratio of fi ber cell wall thickness and its lumen 
and it determines the suitability of a fi brous material 
for pulp and paper production. If a wood species has a 
high Runkel value, its fi ber will be stiff and less fl exi-
ble and have poor bonding ability (Kiaei et al., 2014). 
The Runkel values of the raw materials were higher 
than those of other species. This means that these raw 
materials have thick cell walls. The rigidity coeffi cient 
of stubble and whole wheat straw were found to be 
similar to that of hardwoods. This value has a negative 
effect on tensile, tear, burst and double fold resistance 
of the paper (Hus et al., 1975).
3.2  Chemical, physical and optical properties of 
pulp
3.2.  Kemijska, fi zikalna i optička svojstva celuloze
Chemical, physical and optical properties of pulp 
are given in Table 4. The pulp was beaten to 50±3 °SR 
in a laboratory beater and test papers were produced 
with a Rapid Kothen RK-21 paper machine.
According to the same Table 4, 7 bars is the most 
appropriate value of oxygen pressure. The increase of 
oxygen pressure during the cooking process has a pos-
itive effect on the kappa number, pulp viscosity and 
DP, breaking length, tear index, and brightness value. 
The oxygen pressure of 7 bars should be used in other 
studies related to the same subject. In Table 4, the opti-
mal value of NaBH4 was determined as 0.3 % and 0.5 
%. However, considering the economic importance of 
using the Soda-Oxygen-NaBH4 method for the pulp 
production, the most appropriate ratio of NaBH4 was 
accepted as 0.3 %. The increase of the NaBH4 ratio 
during the cooking process has a positive effect on the 
pulp yield, kappa number, pulp viscosity and DP, tear 
Table 3 Comparison of fi ber parameters of stubbles and whole wheat straws with the parameters of some other fi bers 
(Topcuoglu, 1985; Kırcı, 1996; Alkan et al., 2003, Tutus and Eroglu, 2003, Istek et al., 2008, Tutus et al., 2010, Tutus et al., 
2014)
Tablica 3. Usporedba parametara vlakanaca dobivenih od strnjike i slame pšenice s parametrima vlakanaca dobivenih od 
drugih sirovina (Topcuoglu, 1985.; Kırcı, 1996.; Alkan et al., 2003.; Tutus and Eroglu, 2003.; Istek et al., 2008.; Tutus et al., 
2010.; Tutus et al., 2014.)
Species / Vrsta
Felting rate
Brzina fi lcanja
Elasticity 
coeffi cient
Koefi cijent 
elastičnosti
Rigidity 
coeffi cient
Koefi cijent 
krutosti
Runkel index
Runkelov indeks
F factor
F-faktor
Stubble / strnjika 60 27 37 2.8 16
Whole Wheat Straw / slama pšenice 62 27 36 2.7 17
Crambe orientalis 24 79 10 0.3 23
Crambe tataria 36 70 15 0.4 24
Reed stalks / stabljike trske 103 52 24 0.9 44
Cotton stalks / stabljike pamuka 33 63 18 0.6 29
Sunfl ower stalks / stabljike suncokreta 58 71 15 0.4 38
Rye straw / slama raži 38 61 20 0.7 22
Tobacco stalks / stabljike duhana 40 29 36 3.0 20
Hardwoods / tvrdo drvo 45 to 65 35 to 65 15 to 35 0.5 to 2 16 to 30
Softwoods / meko drvo 60 to 80 70 to 80 15 to 20 0.3 to 0.5 50 to 60
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index, and burst index. Variance analysis and Duncan 
test were performed using these data.
Increasing the oxygen pressure decreases the 
kappa number (Figure 1a) and increases viscosity (Fig-
ure 1b), breaking length, burst index, tear index, and 
brightness (Table 5). In our experiments, the yield was 
independent of oxygen pressure (Table 5). However, 
for experiments using wheat straw over a greater range 
of oxygen pressure (6-14 bar), the yield was lowered 
by approximately 1 % at the highest pressure (Deniz, 
1994; Tutus, 2000).
The lower kappa number at higher oxygen pres-
sure is consistent with other experiments using wheat 
straws (Tutus, 2000). 
3.3  Effect of NaBH4 on pulp physical, optical and chemical properties
3.3.  Utjecaj NaBH4 na fi zikalna, optička i kemijska 
svojstva celuloze
The pulping additive NaBH4 acts as a catalyst by 
protecting the end groups from a peeling reaction, 
which increases the screened pulp yield (Istek and Oz-
kan, 2008).
Figure 2 shows the effects of NaBH4 on the 
screened yield and viscosity.  Adding of NaBH4 in-
creased screened yield (Figure 2a) and viscosity (Fig-
ure 2b) and DP (Table 4). 
Other kraft-NaBH4 studies of Eucalyptus grandis 
(Ayata, 2008) and red pine wood (Temiz, 2006) have 
shown a decrease in kappa number with the addition of 
NaBH4. Yield increases have been observed when add-
ing NaBH4 to cooking solution during pulp production 
(Petterson and Rydholm, 1961; Tutus and Alma, 2005) 
and soda-oxygen cooking (Hafi zoglu, 1982; Tutus, 
2004).
NaBH4 content, which has an important effect on 
the soda-oxygen-NaBH4 cooking, the obtained pulp 
yield at various oxygen pressure, and the summary of 
the Duncan tests, which was done with some chemical 
properties and important physical and optical proper-
ties, are given in Table 6.
It was established that the most appropriate oxy-
gen pressure was 7 bars. While the increase of oxygen 
pressure during the cooking process has a positive ef-
fect on the kappa number, pulp viscosity and DP, 
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Figure 1 Effects of oxygen pressure on kappa number (a) and viscosity (b)
Slika 1. Utjecaj tlaka kisika na (a) kapa broj i (b) na viskoznost  
Table 5 Effects of oxygen pressure on chemical, physical, and optical properties of the stubble pulp
Tablica 5. Utjecaj tlaka kisika na kemijska, fi zikalna i optička svojstva celuloze proizvedene od strnjike pšenice
Oxygen 
pressure 
Tlak kisika
bar
Yield
Prinos
%
Kappa No
Kapa broj
Viscosity
Viskoznost
cm3·g-1
Breaking 
length
Duljina 
lomljenja
km
Tear
Index
Indeks 
cijepanjam 
N·m2·g
Burst
Index
Indeks 
pucanja 
kPa·m2·g-1
Brightness 
(ISO)
Sjajnost 
(ISO)
Opacity
Neprozirnost
%
3 54.86 73c 759a 5.90a 4.05a 3.59b 30.34a 90.27b
5 54.80 56b 767a 5.95a 4.14a 3.37a 34.52b 89.20a
7 54.98 45a 769a 6.24b 4.23a 3.98c 38.17c 88.19a
*NaBH4 charge was kept 0.3 % and mean values with the same lower-case letters are not signifi cantly different according to Duncan’s mean 
separation test. / Udjel NaBH4 bio je 0,3 %, a srednje vrijednosti s istim slovom nisu signifi kantno različite prema Duncanovu testu.
Figure 2 Effects of NaBH4 charge on screened yield (a) and viscosity (b)
Slika 2. Utjecaj udjela NaBH4 na (a) prinos prosijavanja i (b) na viskoznost
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breaking length, tear index and brightness value, it also 
has a negative effect on the other chemical, physical 
and optic properties. The oxygen pressure of 7 bars 
should also be used for the other studies related to the 
same subject.
4  CONCLUSION
4.  ZAKLJUČAK
The optimal cooking conditions for the chemical, 
physical and optical properties during the pulp produc-
tion with soda-oxygen- NaBH4 method is presented in 
Table 7 below.
Consequently, the following advantages could be 
obtained by using stubbles and NaBH4 for pulp and pa-
per production:
1.  Pulp made from stubble has properties similar to 
those made from whole wheat straw pulp;
2.  Harvesting of stubble would increase the availability 
of fi ber in countries such as Turkey where wood re-
sources are limited;
3.  The addition of NaBH4 protects the reducing end 
groups from peeling reaction and increases screened 
pulp yield;
4.  Pulp made with the addition of NaBH4 have higher 
brightness and are easier to bleach but have lower 
opacity;
5.  Turkey has 73 percent of boron reserves in the world, 
which makes NaBH4 an attractive additive in this re-
gion. 
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